LppT-coated slides, whereas nonapeptides containing RAD rather than RGD do not inhibit. RGD-containing, LppT-derived nonapeptides are able to directly inhibit binding of M. conjunctivae to LSM 192 cells by competitive inhibition, whereas the analogous nonapeptide containing RAD rather than RGD or the fibronectin-derived RGD hexapeptide has no inhibitory effect. These results reveal LppT as the first candidate of a RGD lectin in Mycoplasma species that is assumed to bind to ␤ integrins.
Mycoplasma conjunctivae, the etiological agent of infectious keratoconjunctivitis (IKC), causes severe ocular infections that lead to blindness and perforation of the cornea, particularly in Alpine ibex (Capra ibex ibex) and chamois (Rupicapra rupicapra rupicapra) (4) . In view of the harsh physiochemical conditions that protect the eye from being colonized and infected by pathogenic microorganisms, M. conjunctivae is expected to exhibit efficient adhesion functions in order to avoid being flooded off by lachrymal fluid. Adhesion is thought to play a central role in the pathogenicity of bacteria in general and of Mycoplasma species in particular, both directly as a basic condition of colonization (10, 23, 42, 43) and indirectly by adherence coupled to cytopathic functions. In the latter, adhering mycoplasmas may induce oxidative damage to the host cell by targeted release of peroxide and oxygen radical species (7, 27) or disrupt K ϩ channels of ciliated bronchial epithelial cells, which leads to ciliostasis (13) . Extracellular matrix proteins and glycosaminoglycans play important roles as receptors for adhesion of bacterial pathogens, including those of Mycoplasma species. In Mycoplasma hyopneumoniae, protein P159 has recently been identified as a heparin binding protein that promotes adherence to eukaryotic cells (10) . Furthermore, the R1 region near the carboxy terminus of protein P97 of M. hyopneumoniae has been shown to mediate adherence to swine cilia (23, 41) . Mycoplasmal adhesion structures have extensively been studied in virulent Mycoplasma pneumoniae, where two surface proteins, P1 of 169 kDa and P30 of 30 kDa, are densely clustered to form the tip organelle that provides strong polarity to the cytoadherence process (12, 20) . Moreover, a putative cytoskeleton-forming protein with a proline-rich, acidic domain was speculated to be involved in the formation of the adhesion tip (28) . In contrast to the well-structured adherence organelle of M. pneumoniae, adhesins of most other Mycoplasma species appear to be distributed on the mycoplasmal surface, and no particular receptor-ligand mechanisms have to date been identified (29) .
In M. conjunctivae, a serine-rich membrane-located lipoprotein, LppS, was found to be involved in the adhesion to LSM 192 lamb joint synovial cells. LppS was shown to have sequence similarity to the fibrinogen binding protein, clumping factor A (ClfA) of Staphylococcus aureus, which has a repeated serine-aspartate domain at the analogous polyserine location (6) . In the lamb joint synovial cell model, adherence of M. conjunctivae was inhibited using Fab fragments from immunoglobulin G (IgG) directed against recombinant purified LppS (6). Lipoprotein T (LppT) of M. conjunctivae, which is encoded by the same bicistronic operon downstream of lppS, shows significant similarity to the heparin binding protein P159, protein P102, and Mhp494 of M. hyopneumoniae, which are involved in adhesion to swine cilia (10, 17, 19, 38) . We report here the characterization of LppT and its role in adhesion. LppT contains an RGD cell attachment motif that consists of the amino acids Arg-Gly-Asp, which is shown to be directly involved in binding to primary lamb joint synovial cells. RGD adhesins belong to a large class of integrin binding proteins that bind the extracellular matrix and which are known to induce important biological events such as cell differentiation, malignant transformation, immune recognition, and blood coagulation (25, 31) .
MATERIALS AND METHODS
Bacterial strains and culture conditions. Mycoplasma conjunctivae strain HRC/581 T was grown in standard mycoplasma broth medium, solid mycoplasma agar medium containing 20% horse serum, 2.5% yeast extract, and 1% glucose (Axcell Biotechnologies, Lyon, France) at 37°C to end exponential growth phase at a density of 5 ϫ 10 8 CFU/ml. The numbers of CFU of M. conjunctivae cultures or suspensions were measured by first passing the suspensions several times through a 27-gauge needle and then spotting aliquots of sequential 10-fold dilutions on mycoplasma agar medium and counting the colonies after 7 days of incubation at 37°C. The mycoplasmas were harvested by centrifugation at 13,000 ϫ g for 20 min, washed three times in TES buffer (10 mM Tris-HCl, 1 mM EDTA, 0.8% NaCl at pH 7.5), and then resuspended in TES buffer to reach a concentration of 10 9 cells/ml. For gene cloning, Escherichia coli strain XL1-Blue MRFЈ (Stratagene, La Jolla, CA) was used. Expression of recombinant, polyhistidine-tailed peptides from genes cloned on vector pETHIS-1 (33) in E. coli strain BL21(DE3) was obtained (Novagen, Madison, WI) (36) . E. coli strains were grown in Luria-Bertani (LB) broth at 37°C in an orbital shaker-incubator. Ampicillin at 50 g/ml was added for selection of cloning vectors. Genomic DNA of M. conjunctivae strains 2777, My-66/95, My-7/96, N50, and G9 was taken from a previous study (5) .
Cloning and site-directed mutagenesis of lppT. For the cloning and expression of recombinant LppT in the E. coli host strain, the lppT gene from genomic DNA of M. conjunctivae HRC/581
T was first amplified with the primers LppT-NdeI-N and LppT-NotI-C ( Table 1 ). The PCR product was cloned into the pGEM-T Easy vector (Promega Corp., Madison, WI) for subsequent site-directed mutagenesis. In order to replace the two Mycoplasma-specific TGA Trp codons at amino acid (aa) positions 376 and 647 with the universal TGG Trp codon, we used the overlap extension PCR method (9) sequentially with the primer pair LppTNdeI-N/LppT-NotI-C and the overlapping mutagenesis primer pairs LppTmut1L/LppT-mut1R and LppT-mut2L/LppT-mut2R (Table 1) . The DNA fragment containing both TGA Trp codons mutated to TGG Trp was named lppT* and ligated in vector pETHIS-1 (33) using the NdeI and NcoI sites to obtain plasmid pJFFLppT-His1, which was confirmed by DNA sequencing and then introduced into E. coli BL21(DE3) for expression of the LppT-His fusion protein. Note that attempts to express recombinant LppT from a clone without the codons for the 34-aa signal sequence resulted in very low yields compared to those obtained with the full precursor protein of LppT.
DNA sequence analysis. DNA sequence analysis was performed with a DNA Sequenator AB3100 genetic analyzer and a Taq DyeDeoxy Terminator cycle sequencing kit (Applied Biosystems, Norwalk, CT), with oligonucleotide primers derived from the DNA sequence of lppS of type strain HRC/581 and by primer walking. The presence of lppT in field strains of M. conjunctivae was confirmed by PCR using genomic DNA and primers LppT-NdeI-N and LppT-NotI-C (Table 1 ) and subsequent sequence analysis using primer LppT mut1L (Table 1) to cover the segment encoding the RGD site.
Construction of genes encoding poly-His-tailed LppT(⌬RGD) and LppT(RGE). A gene expressing LppT without the RGD region was constructed in two steps. First, the 5Ј-terminal segment was PCR amplified from the clone lppT* on plasmid pJFFLppT-His1 as a template using the primers LppT-NdeI-N and RGD-forward (Table 1) , with an annealing temperature of 55°C. The 3Ј-terminal part of lppT* was amplified by the primers RGD-reverse and LppTNotI-C (Table 1) , with an annealing temperature of 60°C. The two gene segments obtained that are complementary to regions within opposite strands were used to prime the geometric multiplication of the DNA segment extending between the primers. For this, the two segments together with the primers LppT-NotI-C and LppT-NdeI-N (Table 1) were used in a standard PCR, with an annealing temperature of 45°C.
The gene encoding LppT(RGE), where the RGD site at aa positions 462 to 464 was changed to RGE, was amplified by PCR with the overlapping extension method (9) using the primers RGD-mutL and RGD-mutR, the primer pair LppT-NotI-C and LppT-NdeI-N (Table 1) , and the plasmid pJFFLppT-His1 as a template.
The amplified lppT*(⌬RGD) and lppT*(RGE) genes were ligated into the expression vector pETHIS-1 by means of the NdeI and NotI restriction sites. The plasmids were purified using the QIAprep Spin plasmid kit. They were sequenced using the primers complementary to the T7 promoter and to the 3Ј-terminal region flanking the multicloning site of pETHIS-1 to confirm the correct poly-His-tagged lppT*(⌬RGD) (plasmid pJFFLppT⌬RGD-His1) and lppT* (RGE) (plasmid pJFFLppTRGE-His1) genes. The constructs were then transformed into Escherichia coli BL21(DE3) cells for expression.
Expression of recombinant, poly-His-tagged LppT and LppT derivates. Recombinant proteins were produced in E. coli BL21(DE3) containing the various lppT* constructions on pETHIS-1 fusion expression vectors as described for other proteins (33) , purified by Ni 2ϩ chelate chromatography (16), dialyzed extensively against PN buffer (50 mM NaH 2 PO 4 at pH 8.0, 300 mM NaCl), and analyzed on sodium dodecyl sulfate (SDS)-10% polyacrylamide gels.
Production of monospecific rabbit anti-LppT antibodies, IgG purification, and Fab preparation. Monospecific, polyclonal antibodies directed against LppT were obtained by immunizing rabbit subcutaneously with 50 g LppT-His protein in 500 l PN buffer mixed with 50 l of adjuvant 10 (Gerbu Biotechnik GmbH, Gaiberg, Germany), followed by two booster immunizations each with the same amount of protein and the same adjuvant 2 and 4 weeks later. Immunoglobulin G (IgG) was purified from the hyperimmune sera using the HiTrap protein G HP kit (Amersham Pharmacia Biotech, Uppsala, Sweden), dialyzed against Na-carbonate buffer (0.05 M NaHCO 3 at pH 8.0, 0.125 M NaCl), and adjusted to 10 mg/ml. An aliquot of 1 ml was then dialyzed at 4°C overnight against 1,000 volumes of pepsin digestion buffer (20 mM CH 3 COONa, pH 4.5). Preparation of the Fab fragments was performed with the ImmunoPure Fab preparation kit (Pierce, Rockford, IL), according to the manufacturer's protocol. Fab and Fc fragments were generated from IgG by incubating 1.7 mg of purified IgG with immobilized pepsin at 37°C for 4 h. The crude digest was then applied to a column of immobilized protein A. Separation of 1 mg of Fab fragments from the Fc fragments bound to protein A was obtained by washing the column. The Fab fragments were then dialyzed overnight against the PN supplement with 2.7 mM KCl and analyzed on an SDS-polyacrylamide gel electrophoresis (PAGE) Coomassie blue-stained gel. The protein concentration was determined to be 620 g/ml.
Triton X-114 phase partitioning. M. conjunctivae cell components were separated into hydrophobic and hydrophilic fractions by the Triton X-114 (Fluka Chemicals, Buchs, Switzerland) partitioning method (8), using washed M. conjunctivae cells from a 5-ml end-exponential-phase culture.
Culture of lamb joint synovial cells. Primary lamb cells from carpal joint synovial tissue (LSM 192) were cultivated in six-well tissue culture plates using tissue culture medium (minimal essential medium [MEM]; Biochrom, Berlin, Germany) supplemented with 10% fetal calf serum, 2.5 mM L-glutamine, 100 U/ml penicillin, and 100 g/ml streptomycin in a CO 2 incubator. The medium was changed every 3 days. For assays on binding to proteincoated slides, the cells were labeled, after reaching a 75% confluence by [H 3 ]thymidine (PerkinElmer, Boston, MA) overnight in the CO 2 incubator. Medium was then exchanged with medium devoid of streptomycin. The cells were then trypsinized and suspended in fresh medium to be used for the adhesion and inhibition assays.
Adhesion assay of Mycoplasma conjunctivae and LSM 192 cells. For adhesion assays, M. conjunctivae strain HRC/581 T was grown in 200 ml of standard mycoplasma culture medium containing 20 Ci (740 kBq) of [U- 14 C]palmitic acid for 3 days at 37°C with 5% CO 2 , as described previously (37) . The cultures were a Underlined nucleotides represent restriction enzyme sites, and nucleotides presented in boldface indicate site-specific mutations.
b Obtained with the Oligonucleotide Properties Calculator (http://www .basic.northwestern.edu/biotools/oligocalc.html), using the nearest neighbor method and the parameters 300 nM primer and 50 mM salt (Na ϩ ), not considering nucleotides added to create the restriction enzyme recognition sites.
harvested by centrifugation at 13,000 ϫ g for 20 min, and the mycoplasmas were washed three times in buffer A (0.05 M Tris-HCl at pH 7.2, 0.1 M NaCl, and 1 mM CaCl 2 ), resuspended in this buffer, and adjusted to a concentration of 10 9 CFU/ml. Small aliquots were frozen at Ϫ80°C until use. Thawed, labeled M. conjunctivae cells were used immediately. To determine the optimal concentration of mycoplasmal cultures for adhesion assay, sequential dilutions (1:2 to 1:128) of the labeled M. conjunctivae cells were prepared in buffer A. Aliquots of 200 l of each dilution were transferred onto each well containing LSM 192 cells and incubated for 2 h at 37°C. After excess liquid was removed, cells were washed twice with 500 l of buffer A and subsequently solubilized with 100 l of 1% (wt/vol) SDS solution plus 500 l buffer A for 2 h at 37°C with shaking. The lysis suspension of each well was then transferred into a vial containing 3 ml of the scintillation cocktail Emulsifier Scintillator Plus (Packard Instrument Company, CT), and counts per minute were measured in a scintillation spectrometer (Wallac 1410 liquid scintillation counter; PerkinElmer, Regensdorf, Switzerland). Saturation of adhesion was obtained at 1,000 CFU of M. conjunctivae per LSM 192 cell, which was referred to as 100% adhesion throughout the investigation. In order to measure inhibition of adhesion of M. conjunctivae to LSM 192 cells by anti-LppT antibodies, the M. conjunctivae suspension was mixed with Fab anti-LppT IgG at a final concentration ranging from 0.1 g/ml to 10 g/ml and incubated for 2 h at room temperature with shaking. The Mycoplasma-Fab mix was transferred into wells containing the LSM 192 cells and incubated for 2 additional hours at 37°C. Cells were then treated as described above. As a negative control, Fab fragments from IgG obtained from the unvaccinated rabbit were used at a final concentration of 10 g/ml, as described previously (6) . The assays were performed in triplicate. Results are given as mean values from 3 assays, with the corresponding standard errors. Statistical significance of the differences of the different groups was measured by Student's unpaired t test.
In order to directly measure the impact of the RGD site of LppT on the binding of M. conjunctivae to LSM 192 cells, the LppT-derived RGD-containing nonapeptide VDARGDVYK or the derivative of it, VDARADVYK containing RAD instead of RGD, or fibronectin-derived hexapeptide GRGDSP, was used in a competitive binding assay. In this assay, LSM 192 cells were incubated with various concentrations of RGD or RAD nonapeptides at 20°C for 60 min prior to the addition of the labeled mycoplasmas. The assays were performed five times. Results are given as mean values from 5 assays, with the corresponding standard errors.
Assay for adherence of LSM 192 cells to slides coated with LppT. Plastic (polymethylmethacrylate) slides were cleaned with 70% ethanol for 5 min and then dried in the oven at 60°C. Each slide was then dipped in 1 ml sterile PN buffer supplemented with 1 mg/ml gelatin for 1 h at 20°C before the liquid was removed by a Pasteur pipette and the slides were transferred to a new tube containing 1 ml PN. After 5 min, PN was removed, and the slides were incubated with 1 ml LppT or LppT(⌬RGD), or LppT(RGE) (20 g/ml), in PN in a new tube at 37°C for 1 h. Subsequently, the liquid was removed, and the slides were washed for 5 min with 1 ml PN. The semidry slides were then transferred to a new tube containing 1 ml of labeled LSM 192 cells (8 ϫ 10 5 cells/ml) incubated at 37°C with shaking for 40 min. The liquid was removed, and the slides were washed twice with 1 ml 140 mM NaCl for 5 min and then for 30 min. Subsequently, the semidry slides were transferred into a scintillation vial with 5 ml scintillation liquid and counted in the scintillation counter. Slides coated with bovine serum albumin (20 g/ml) were used to determine nonspecific binding of LSM 192 cells, which was subtracted as background binding from the adhesion assay. Slides coated with fibronectin from bovine plasma (Sigma-Aldrich F4759) (20 g/ml) were used as positive controls for binding. The background binding represented 31% of total binding to positive-control slides coated with fibronectin.
The RGD nonapeptide VDARGDVYK, the RAD nonapeptide VDARAD VYK, and as a control, the fibronectin-derived standard RGD fibr hexapeptide GRGDSP were used in order to analyze the inhibitory effects of LppT-derived RGD-containing nonapeptides on the adherence of LSM 192 cells to LppTcoated slides. [H 3 [thymidine-labeled LSM 192 cells were incubated separately with different concentrations of the nona-or hexapeptides at 5 g/ml, 10 g/ml, 15 g/ml, and 20 g/ml for 15 min. Then, 1 ml of LSM 192 cell suspension (8 ϫ 10 5 cells/ml) preincubated with the corresponding nona-or hexapeptide was added to the slides. Incubation was done at 37°C by shaking slowly for 30 min. Incubation was stopped by removing the liquid and following the adhesion protocol as described above. Three measurements were made on 2 independent days. Results are given as mean values from 6 measurements, with the corresponding standard errors.
RESULTS

Characterization of the lppST operon and the LppT lipoprotein.
The gene lppT is encoded downstream of lppS, separated by a short, 9-bp intergenic segment and a ribosome binding site (RBS) located 12 bp upstream of the ATG initiation codon. Based on DNA sequence data, LppT is a 105-kDa protein of 947 aa and with a calculated isoelectric point (pI) of 5.5 (EMBL/GenBank accession number AJ318939). It shows a typical signal peptidase cleavage site at residue 34. The leader sequence predicts a typical inside-to-outside helix structure and is followed by two short transmembrane structures, suggesting that LppT is a membrane-located lipoprotein. Triton X-114 extraction of total cultures of M. conjunctivae strain HRC/581 T revealed LppT was in the detergent phase and not in the aqueous phase, as detected by immunoblot analysis using monospecific anti-LppT IgG (Fig. 1) . This confirmed the membrane location of LppT. BLAST-p analysis revealed that the N-terminal and C-terminal moieties of LppT showed amino acid sequence similarity to the adhesins P102 and P159 of Mycoplasma hyopneumoniae (EMBL/GenBank accession numbers AAV27762 and AAV27918, respectively), with a 22% identity/41% similarity and a 21% identity/43% similarity, respectively. Furthermore, an analysis of the amino acid sequence of LppT revealed a characteristic RGD (Arg-Gly-Asp) cell attachment motif (in boldface) that is flanked by several valine residues, as follows: VVVDARGDVYKTVVA. DNA sequence analysis revealed that this segment is fully conserved on LppT of five field strains of M. conjunctivae isolated from animals with IKC, strains 2777 (chamois), My-66/95 (sheep), My-7/96 (goat), N50 (sheep), and G9 (ibex).
LppT-promoted adhesion. In order to study the role of LppT in the cell adhesion of M. conjunctivae, we performed assays At an anti-LppT Fab concentration of 10 g/ml, binding was fully inhibited (Fig. 1) , whereas Fab fragments prepared from IgG obtained from the serum of the rabbit collected prior to immunization had a minor effect on binding, reducing it by 13%. This demonstrates that LppT is involved in the adhesion of M. conjunctivae to sheep cells.
Role of RGD in adhesion.
In order to assess whether the RGD sequence of LppT is involved in the adhesion mechanism, we determined the binding of [H 3 ]thymidine-labeled LSM 192 cells to plastic slides coated with LppT, LppT (⌬RGD), or LppT(RGE). As a positive standard for RGDpromoted binding, we used slides coated with fibronectin, a known RGD-based adhesin of mammalian cells (Fig. 2) . In this assay, LSM 192 cells bound to LppT with an efficacy similar to that of cells binding to fibronectin. In contrast, protein LppT(⌬RGD), where RGD was deleted, lost the binding capacity for LSM 192 cells (P ϭ 0.003), and LppT(RGE), a recombinant LppT protein in which RGD was mutated to RGE, retained only 45% of the binding activity for LSM 192 cells (P ϭ 0.044) (Fig. 2) .
To further verify the role of the RGD sequence of LppT as a potential binding site for the integrin receptor on the host cell, we developed a competitive inhibition assay. LppT-derived RGD-containing nonapeptides competed with recombinant LppT for the binding side on the receptors of LSM 192 cells. In this titration assay, the RGD nonapeptide VDARG DVYK reduced the attachment of [H 3 ]thymidine-labeled LSM 192 cells to LppT to a level of 25%, whereas the RAD analogue VDARADVYK had only a minor effect, leaving the binding at 80% (Fig. 3) . Interestingly, the fibronectin-derived RGD-containing hexapeptide GRGDSP did indeed inhibit binding of LSM 192 cells to LppT-coated slides (50% inhibition; P ϭ 0.035) as well as to fibronectin-coated slides (80% inhibition; P Ͻ 0.01), whereas the LppT-derived nonapeptide VDARGDVYK failed to prevent LSM 192 cells from binding to fibronectin (10% inhibition; P ϭ 0.05) but inhibited binding to LppT (70% inhibition; P ϭ 0.035).
Effects of LppT(RGD) binding capacity on mycoplasmal adherence. In order to study the role of RGD-promoted binding of LppT in the overall adherence of M. conjunctivae directly to LSM 192 cells, an assay on the binding of C 14 -labeled M. conjunctivae to confluent LSM 192 cells either in the absence or the competitive presence of LppT-derived RGD and RAD analogous nonapeptides, respectively, was performed. The RGD nonapeptide reduced the binding of M. conjunctivae to LSM 192 cells by 80% (P Ͻ 0.001) at a concentration of 100 g/ml and by 75% (P Ͻ 0.001) at a concentration of 10 g/ml, showing that RGD-promoted binding has a significant impact on the adherence of M. conjunctivae directly to LSM 192 cells (Fig. 4) . The analogous RAD nonapeptide did not inhibit binding. The fibronectin-derived RGD fibr hexapeptide had virtually no inhibitory effect on the binding of M. conjunctivae to LSM 192 cells (Fig. 4) .
DISCUSSION
Integrins constitute a large family of 24 ␣␤ heterodimeric members of cell adhesion receptors that mediate the attachment of cells to the extracellular matrix and also participate in specialized cell-cell interactions (3, 18, 32) . They are evolutionarily old proteins, and hence a variety of microorganisms, including pathogenic parasites, bacteria, and viruses, as well as bacterial toxins, have developed lectins to bind to integrins as a prerequisite for causing infections or toxic activity in the host cells, respectively (21, 35, 39, 40) . A subset of integrins that recognized the specific RGD (Arg-Gly-Asp) sequence in the native ligand was termed the RGD receptor group of integrins (3). These bind, in particular, fibronectin, where the function of the RGD sequence was initially detected (30) , vibronectin, fibrillin, fibrinogen, von Willebrand factor, osteopontin, bone sialoprotein (BSP), tenascin, thrombospondin, and milk fat globule-EFG factor 8 (MFG-E8) (18). These findings gave RGD, besides other specific sites, such as LDV, a central role in cell adhesion biology. RGD represents the prototype of an adhesin signal which directs cells to their appropriate locations in the organism, provides anchoring, and controls proliferation, differentiation, and apoptosis (3, 14, 30, 32) . While the amino acids RGD are essential for many integrin binding proteins, the specificity of the binding proteins for the various individual RGD group integrins is determined by the amino acids flanking the RGD site, thus determining the specific functions of the various adhesin proteins in the cellular network. Among the microbial pathogens that mediate their cell adhesion via RGD binding integrins, Bordetella pertussis expresses the protein pertactin as the central binding protein in which one of the two RGD sites was shown to be necessary for the attachment to mammalian cells (21) . Diverse viruses are known to use integrins as host cell receptors, among them certain herpesviruses, picornaviruses, and reoviruses (35) . Interactions between viral proteins and integrins are also involved in viral entry, the step following binding to cell surface receptors. Entry is a complex process associated with structural changes in the virus as well as in the host cell membrane and, in some cases, in the endosomal and nuclear membranes (22) . For example, rotaviruses, which belong to the reoviruses, use no fewer than 5 different integrins in a finely tuned sequential process to gain access to their host cells through the cell membrane (2) . The interaction of adenovirus types 2 and 12 with the ␣ V ␤5 integrin has been characterized in detail and was shown to be promoted via long, flexible RGD loops on the surface of the penton base, which binds four to five integrin molecules per penton base (34) . The ligation of integrins induces receptor clustering and ensuing activation of the focal adhesion kinase, which has been linked to tumor necrosis factor alpha (TNF-␣) induction in dendritic cells (24, 35) . Very recently, Chintakuntlawar and colleagues (11) reported that the empty capsid of human adenovirus 37, a virus causing epidemic keratoconjunctivitis, directly activated early events of inflammation. They concluded that the capsid was in fact a pathogen-associated molecular pattern (PAMP) triggering leukocyte infiltration and chemokine expression in an RGD-dependent fashion (11) . This remarkable finding highlights the possibility that some of the signals triggered by binding of viral ligands to integrins may directly contribute to the pathogenesis of epidemic keratoconjunctivitis in humans, which is clinically similar to mycoplasmal keratoconjunctivitis in ruminants.
The LppT-promoted adhesion process to LSM 192 primary lamb synovial cells involves the participation of an RGD-containing sequence in LppT. This was shown by assays on binding of LSM 192 cells to slides coated with recombinant LppT and LppT-derived RGD-noncontaining and RGE-containing proteins and by the specific inhibition of M. conjunctivae to LSM 192 cells by the LppT-derived RGD-containing nonapeptide. Lipoprotein LppT is currently the first mycoplasmal adhesion protein found to contain an RGD site that is directly involved in binding to eukaryotic host cells. Our results show that the deletion of the RGD site in LppT or competition with synthetic, LppT-derived RGD-containing nonapeptides results in a drastic reduction of the binding capacity of LppT for LSM 192 cells. Direct competitive inhibition experiments using the same RGD nonapeptides, however, reduced binding of the entire M. conjunctivae bacteria to LSM 192 cells by 80%. This result indicates that RGD-mediated binding of LppT is not the sole factor but a major factor in the adhesion mechanism of M. conjunctivae to LSM 192 cells. The fibronectin-derived RGD hexapeptide had no inhibitory effect on the binding of M. conjunctivae to LSM 192 cells, indicating that the amino acids flanking RGD play an important role in defining the specificity of the RGD binding protein. In this respect, it has to be noted that the fibronectin-derived hexapeptide GRGDSP strongly inhibited binding to fibronectin-coated slides but also partially inhibited binding of LSM 192 cells to slides coated with recombinant LppT, while the LppT-derived nonapeptide VDA RGDVYK was specific to LppT in this assay and had no effect on binding to fibronectin. In contrast, GRGDSP was not inhibiting M. conjunctivae binding to LSM 192 cells directly. We explain this discrepancy to be due to the fact that the "coated slides" method is a strict in vitro method, in contrast to binding of M. conjunctivae to LSM 192 cells, which mimics more binding under natural conditions. Furthermore, LppT used for coating the slides was a recombinant protein, while fibronectin was purified from bovine plasma. However, we conclude from our results that LppT of M. conjunctivae binds to an integrin different than fibronectin. In this respect, it must be noted that in LppT of M. conjunctivae, the RGD site is flanked by several valine residues, which appears to play a role in the specificity of the various subclasses of integrins (26) , whereas fibronectin has only one valine residue preceding RGD (Fig. 4) . In this context, it is also interesting to note that selective binding of Mycoplasma penetrans to fibronectin was not inhibited by the RGD tripeptide (15) , but no experiments with longer and On the other hand, an RGD tripeptide at the very C-terminal end of the putative cytoskeleton-forming proline-rich P65 of M. pneumoniae was noticed (28) . However, the role of this RGD residue in adherence to cell tissues was not investigated and seems to be less likely in the view of the role of P65 as a cytoskeleton-forming protein. In this respect, it must be noted that RGD is a motif that is found in about 3% of bacterial (including mycoplasmal) proteins deposited in the Swiss-Prot database (1) but that only a very small number of these proteins have a function as adhesion or integrin binding proteins. The adhesion mechanism of M. conjunctivae is expected to be multifactorial, despite the fact that anti-LppT antibodies may inhibit adhesion to a major extent. In this respect, it is important to note that both Fab fragments from anti-LppT IgG and Fab from anti-LppS IgG have an inhibitory effect on the binding of M. conjunctivae to LSM 192 cells (6; this work). Furthermore, since LppS and LppT are encoded on the same operon, we expect these two proteins to interact in the adhesion process of M. conjunctivae to host cells. Hence, blocking one of the proteins with Fab fragments from specific IgG would lead to the functional inactivation of the LppS-LppTmediated adhesion process, similar to that of the analogues proteins P146 and mhp683 of Mycoplasma hyopneumoniae strain 232, which are also encoded on the same operon (10) . The strong impact of the RGD locus in LppT of M. conjunctivae on cell adhesion indicates that it constitutes an important lectin that potentially binds to ␣ integrins in the adhesion process, a mechanism that may well also be found in several other Mycoplasma species.
